Introduction
Adult T-cell leukemia (ATL) is an intractable malignancy of CD4 þ T cells that is etiologically associated with infection by human T-cell leukemia virus-type I (HTLV-I) (Uchiyama et al., 1977; Poiesz et al., 1980; Yoshida et al., 1982) . Virally encoded proteins such as Tax trigger polyclonal growth of T cells in infected individuals, and there are an estimated 15-20 million such carriers worldwide (Edlich et al., 2000) . After a latency period of decades, a small proportion of carriers (B2%) develop ATL. Many ATL patients initially manifest only monoclonal (or oligoclonal) growth of leukemic clones without apparent clinical symptoms, a condition referred to as the chronic or smoldering stages (Shimoyama, 1991) . Most individuals in the chronic stage, however, eventually undergo progression to a highly aggressive acute stage (Tajima, 1990) . Given that the prognosis of individuals at the acute stage remains very poor, it is important to clarify the molecular mechanism that underlies stage progression.
Homozygous deletion or epigenetic silencing of the gene for the cyclin-dependent kinase inhibitor p16 (Hatta et al., 1995; Yamada et al., 1997; Nosaka et al., 2000) as well as altered expression of other genes related to cell proliferation (Cesarman et al., 1992; Tamiya et al., 1998) have been detected in ATL cells at the acute stage. However, such genetic or epigenetic changes may be infrequent (Matsuoka, 2003) , and the transforming events responsible for chronic to acute stage progression remain largely unknown.
DNA microarray analysis allows simultaneous comparison of the expression intensities of tens of thousands of genes. Such analysis of the transcriptomes of ATL cells at the chronic and acute stages might thus be expected to provide insight into the mechanism of stage progression in this disease. With the use of this approach, Sasaki et al. (2005) recently compared transcriptomes between normal CD4 þ T cells (n ¼ 5) and mononuclear cells (MNCs) isolated from individuals in the acute stage of ATL (n ¼ 8). Tsukasaki et al. (2004) also compared transcriptomes between MNCs from patients in the chronic or acute stages of ATL (n ¼ 4 for each). However, the significance of these data may be limited by the small number of study subjects and by the use of unfractionated MNCs that contain various proportions of non-ATL cells.
In addition to changes in gene expression, ATL cells frequently manifest various karyotype anomalies. Comparative genomic hybridization (CGH) has thus revealed recurrent gains in chromosomes 2p, 3p, 7q and 14q as well as losses in 6q in ATL cells (Ariyama et al., 1999; Tsukasaki et al., 2001 ). However, CGH or its successor, bacterial artificial chromosome (BAC) arraybased CGH, is able to analyse chromosome copy number alterations (CNAs) at a resolution of only several hundred kilobase pairs (Lockwood et al., 2005) . High-density oligonucleotide microarrays originally designed for genotyping of single nucleotide polymorphisms (SNPs) have recently been adapted for CNA analysis (Lin et al., 2004; Nannya et al., 2005) . With this approach, chromosome copy number is inferred from the signal intensity of SNP probe sets distributed throughout the human genome. For instance, with Affymetrix GeneChip Mapping 100K arrays developed for genotyping of B100 000 SNPs, it is possible to determine CNAs at a mean resolution of 23.6 kbp, which is substantially greater than that achievable with BAC array-based technologies.
With both microarray-based gene expression profiling and SNP array-based CNA profiling, we have now performed a comprehensive genomic analysis of ATL in order to investigate the mechanism of stage progression from chronic to acute. Given that the CD4 þ CD8
À fraction of peripheral blood (PB) cells of individuals with chronic or acute ATL is composed predominantly of ATL cells, we purified this fraction from ATL patients. We then subjected the isolated cells to gene expression profiling with microarrays containing >44 000 probe sets and to CNA analysis with microarrays harboring B50 000 probe sets. The gene expression data indicate that the transcriptomes for the chronic and acute stages of ATL are distinct, and the CNA data reveal frequent amplification or deletion of genomic fragments of various sizes in each ATL stage.
Results

Transcriptomes of ATL cells
To characterize the transcriptomes of ATL cells, we purified CD4 þ cells from PB of ATL patients at either the chronic (n ¼ 19) or the acute (n ¼ 22) stage. The clinical characteristics of the patients are summarized in Supplementary Table 1. The CD4 þ fraction was also purified from healthy volunteers (n ¼ 3) and was either activated with phytohemagglutinin (PHA) or not.
A simple, one-step column purification with antibodies to CD4 yielded a highly pure CD3 þ CD4 þ T-cell fraction. For example, whereas the CD3 þ CD4 þ fraction constituted only 29.1% of PB MNCs of one healthy individual, it constituted 98.8% of the corresponding column eluate ( Figure 1a) . Similarly, CD3 þ CD4 þ cells constituted 25.7% of MNCs from one ATL patient at the acute stage, but accounted for 97.5% of cells in the corresponding column eluate (data not shown).
All of the ATL and normal CD4
þ cell specimens were then subjected to expression profiling with B44 000 probe sets (corresponding to B33 000 transcripts) on Affymetrix HGU133 microarrays. To eliminate from the analysis genes that were transcriptionally silent in the ATL specimens, we first selected probe sets that received the 'Present' call by Microarray Suite 5.0 software (Affymetrix) in at least 30% (n ¼ 13) of the ATL samples. A total of 15 121 probe sets fulfilled this criterion. On the basis of the similarity of the expression profiles for these probe sets, all 47 samples were subjected to hierarchical two-way clustering (Alon et al., 1999) , yielding a dendrogram of the subjects (Figure 1b) . All six normal samples, irrespective of PHA stimulation, formed a distinct branch separated from the ATL specimens, indicating that the overall gene expression profiles differed between normal and transformed T cells. However, samples corresponding to patients with chronic or acute ATL were not clearly separated from each other in this tree.
To compare the transcriptomes of ATL cells between chronic and acute stages, we conducted Student's t-test on the gene expression intensity for the 15 121 probe sets with the Benjamini and Hochberg false discovery rate (Reiner et al., 2003) of 0.01, leading to the isolation of 84 probe sets (data not shown). To enrich probe sets whose expression level was high in at least one of the stages, we adopted another selection window, effect size (absolute difference in mean expression intensity) (Dhanasekaran et al., 2001) . We extensively compared the expression level of given probe sets determined by DNA microarray and by quantitative real-time reverse transcription-polymerase chain reaction (RT-PCR). With our normalization procedure (see Materials and methods), expression of genes with an array data of X100 units (U) was almost always detected by real-time RT-PCR (data not shown). Thus, we chose 100 U as the threshold value for the effect size.
A total of 21 probe sets (corresponding to 21 independent genes) whose expression level contrasted the two clinical conditions were finally identified. Hierarchical two-way clustering analysis of the expression profiles of these stage-associated genes revealed that only two gene were preferentially expressed at the chronic stage, whereas the other 19 genes were preferentially expressed in the acute stage ( Figure 1c and Supplementary Table 2 ). Interestingly, the latter gene cluster contains several genes encoding for growthrelated proteins, such as nuclear receptor coactivator 3 (NCOA3, GenBank accession no. NM_006534), heatshock 60-kDa protein 1 (HSPD1, GenBank accession no. NM_002156) and general transcription factor IIIA (GTF3A, GenBank accession no. BE542815).
Gene expression-based prediction of ATL stage We next attempted to develop a microarray-based class prediction algorithm for ATL. Among several approaches examined, an artificial neural network (ANN) provided the highest accuracy for prediction (O'Neill and Song, 2003) . ANNs are computer-based algorithms modeled on the structure and behavior of neurons in human brain. Pattern recognition by ANNs is accomplished by training the networks for multiple times in a supervised mode. ANNs adjust continuously their internal weighted connections to reduce the observed errors in matching input to output.
Here, the 15 121 probe sets originally selected in Figure 1b were divided into three nonoverlapping Figure 1 Purification and gene expression profiling of ATL cells. (a) MNCs isolated from the PB of a healthy individual were subjected to staining with Wright-Giemsa solution before (Pre) and after (Post) purification by affinity chromatography with antibodies to CD4 (upper panels). Scale bar, 10 mm. The same fractions were also subjected to flow cytometry with antibodies to CD3 and to CD4 (lower panels). The proportion of double-positive cells is indicated. (b) Subject tree generated by hierarchical clustering analysis of the expression profiles for 15 121 probe sets. Normal T cells (Nor 1-3) stimulated ( þ ) or not (À) with PHA (8 mg/ml) clustered together, separate from the ATL samples from patients in the chronic (green) or acute (red) stage. (c) Subject tree generated by two-way clustering analysis with 21 probe sets that contrasted the two clinical conditions (Student's t-test with the Benjamini and Hochberg false discovery rate of 0.01, and effect size of X100 U). Each column corresponds to a separate sample, and each row to a probe set whose expression is color-coded according to the indicated scale. Gene symbols are shown on the right; 224664_at and 211933_s_at are the expressed sequence tag IDs designated by Affymetrix (http://www.affymetrix.com). Annotations and expression intensities for the probe sets are presented in Supplementary Table 2. groups, each of which was used as the input for 10 ANNs (Figure 2a ). We performed a 10% crossvalidation rotation with 37 samples, training with 33 samples and testing of the remaining four samples. We then reduced the weight of one input in the first layer (one at a time by 15%), and the network was run again to evaluate the difference in the result from the original output. The same procedure was performed in turn for every input, in order to identify 44 'predictor' genes whose expression markedly influenced the prediction accuracy in each set of ANNs (Figure 2b and Supplementary Table 3 ). Such predictor set contains only one gene (UBE2E1) shared with the stageassociated probe sets shown in Figure 1c . As demonstrated previously, ANN and other approaches (such as t-test or clustering analysis) frequently isolate distinct sets of predictor genes (O'Neill and Song, 2003) .
Another nine ANNs were then trained and tested with the 44 predictor genes in the same 10% crossvalidation round, yielding one error of prediction for the 37 samples. Finally, the withheld four samples were tested with the trained ANN, resulting in the correct prediction of the class of each. Given that diagnosis of the stage of ATL patients is sometimes problematic, especially when an individual is undergoing stage transition, our analysis offers the possibility of a microarray diagnostic system based on the expression profile of a small number of genes.
Copy number analysis of the ATL genome To analyse chromosomal gain or loss in ATL cells, we subjected genomic DNA to hybridization with genotyping arrays that represent B50 000 human SNPs and allow determination of copy number at an average resolution of 47.2 kbp. We first examined whether MNCs and purified CD4 þ ATL cells may yield similar CNA profiles by analyzing genomic DNA from such cell fractions of a single individual (patient ID6) at the acute stage of ATL. Flow cytometry revealed that CD3 þ CD4 þ T cells constituted 58.9 and 98.0% of MNCs and purified CD4 þ cells of this individual, respectively (data not shown).
As shown in Figure 3a , gain of chromosomal content (X3n) was apparent at 1q, 3q, 5p, 7q, 18q and 21q, whereas loss of genomic content (p1n) was observed at 2p, 12p, 13q, 14q and 18p. In addition to changes affecting such large chromosomal regions, numerous CNAs too small to be detected by conventional methods were apparent at various positions (hospital karyotyping of MNCs from this patient indicated a karyotype of 46,XY). We also identified many chromosomal regions whose copy number differed between the unfractionated MNCs and purified CD4 þ cells (Figure 3a ). These data indicate that purification of CD4 þ cells increases the sensitivity of copy number measurement.
Among the ATL specimens subjected to gene expression profiling, all those for which CD4 þ cells were available for preparation of genomic DNA were analysed for CNAs (n ¼ 24; 15 specimens for the acute stage, nine specimens for the chronic stage). Assessment of copy number revealed frequent anomalies of various sizes, ranging from amplification of an entire chromosome to small deletions spanning only a few probe sets, in the ATL genome (Figure 3b ). The most frequent gain or loss in our data set was a small deletion at 14q11.2, which was identified in 22 of the 24 patients tested; the core deleted region spans five probe sets, encompassing as little as 30 857 bp at the locus of TRD (encoding T-cell receptor delta locus) and TRA (encoding T-cell receptor alpha constant). These deletions likely reflect genomic rearrangement at the T-cell receptor locus in ATL cells and support the high sensitivity of the method.
Further, a high-grade amplification of genome could be found in a region spanning B14 Mbp at 3p (nucleotide 10 672 576-24 556 563) among the ATL patients, especially at the acute stage. A chromosome copy number of four in this region was inferred for three patients at the acute stage (ID 3, 15 and 70) , and that of three was inferred for seven patients. Interestingly, expression level of the genes mapped on this 3p region was significantly higher in the patients with a chromosome copy number of four compared to those with a copy number of two (P ¼ 0.03, Student's t-test), and marginally higher to those with a copy number of three (P ¼ 0.051) (data not shown).
To confirm the inferred copy numbers in our data set, we subjected genomic DNA at a locus with marked variation in copy number (chromosome 6, nucleotides 16 651 304-16 651 533) to quantitative real-time PCR analysis. Such analysis of the 24 patients, two healthy volunteers (one male, one female), and a cell line (KK-1) (Imaizumi et al., 2003) derived from a patient at the acute stage of ATL revealed that the inferred copy number was highly correlated with DNA content measured by PCR (Figure 3c ).
Stage-dependent CNAs
To screen for CNA patterns linked to stage progression in ATL, we applied Student's t-test (Po0.01) to the obtained data set. Subsequent application of a selection window specifying that at least two contiguous probes show the same CNA pattern led to the isolation of 330 probe sets that corresponded to 3p, 3q, 14q and 19p (Figure 3d ). Segmental amplification of chromosome 3 was detected only in the ATL patients at the acute stage, consistent with previous results obtained by CGH analysis (Tsukasaki et al., 2001; Oshiro et al., 2006) .
To examine the effect of gene dosage on mRNA abundance, we analysed our gene expression data set for the expression level of genes assigned to a segment (region #1, nucleotides 114 092 369-119 769 881) of chromosome 3 (Figure 3d and e) . The mean expression intensity of genes in this region was significantly greater for the patients with a corresponding gain of DNA content than for those without such a gain (P ¼ 0.00015, Student's t-test). Similarly, the expression level of genes on a segment (region #2; nucleotide 8 782 486-12 322 072) of chromosome 19 was greater in cells with a gain of DNA content in this region than in those Figure 1b were divided into three nonoverlapping groups, each of which was used as the input for 10 ANNs. We performed a 10% crossvalidation rotation with 37 samples, training with 33 samples and testing of the remaining four samples. On the basis of the differentiation process with the three sets of 10 ANNs, we selected 44 'predictor' genes whose expression markedly influenced the prediction accuracy in each set of ANNs. (b) Subject tree generated by two-way clustering analysis with the 44 predictor genes selected in (a) is demonstrated as in Figure 1c . 241843_at and 212371_at are the expressed sequence tag IDs designated by Affymetrix. Annotations and expression intensities for the probe sets are presented in Supplementary Table 3. without such a gain (P ¼ 0.0357). These data indicate that gene dosage indeed affects transcript abundance in ATL cells. The large standard deviations apparent in the data shown in Figure 3e , however, suggest that other mechanisms (mediated by transcription factors or epigenetic regulation, for example) have also a large impact on gene expression level.
The hepatocyte growth factor-MET pathway in ATL cells
The long latency period for ATL in HTLV-I carriers suggests that the molecular pathogenesis of ATL and its stage progression might be highly heterogeneous. To identify molecular events that might contribute to transition to the acute stage, we next attempted to isolate 'acute stage-specific genes,' defined by their Figure 3 Continued.
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silence (expression level of o10 U) in all normal T cells and chronic ATL specimens and their activation (>100 U) in at least one of the acute-stage samples. We isolated six probe sets that fulfilled such criteria ( Figure 4a and Supplementary Table 4) . Among these acute stage-specific genes, we focused on MET (GenBank accession no. NM_000245), given that we recently found, in an independent study, that the amount of MET mRNA was specifically increased in ATL cells that manifested liver invasion (Imaizumi et al., 2003) . MET encodes a transmembrane protein tyrosine kinase that is the receptor for hepatocyte growth factor (HGF) (Bottaro et al., 1991) . The expression level of MET in the study specimens as determined by microarray analysis was highly correlated with that determined by quantitative RT-PCR analysis (Figure 4b Table 5 for verification of microarray data by RT-PCR.) Flow cytometry revealed that the expression of MET at the cell surface reflected the abundance of the corresponding mRNA in ATL samples (Figure 4c) .
The acute stage-specific expression of MET at both the mRNA and protein levels suggested that ATL cells might acquire mitogenic potential as a result of activation of a MET-linked signaling pathway. To examine the possible operation of an HGF-MET autocrine loop, we quantitated HGF mRNA in ATL cells by both microarray and quantitative RT-PCR analyses. No substantial amounts of HGF mRNA were detected in ATL specimens, however (data not shown).
We therefore next measured the plasma concentration of HGF in the study subjects. High levels of HGF were detected in the plasma of ATL patients, especially in that of individuals in the acute stage (Figure 5a ), compared with the previously determined values for healthy adults (0.2770.08 ng/ml, mean7s.d.) and some cancer patients (1-2 ng/ml) (Funakoshi and Nakamura, 2003) . To test directly whether activation of the HGF-MET signaling pathway is able to promote the proliferation of ATL cells, we examined the METpositive ATL cell line KK-1. HGF induced both the tyrosine phosphorylation of MET and proliferation in KK-1 cells (Figure 5b and c) . The addition of antibodies to HGF (Montesano et al., 1991) could abolish both effects.
Discussion
We have analysed gene expression and CNA profiles in leukemic cell-enriched fractions of individuals with ATL. We found that both types of profile differ markedly between the chronic and acute stages of ATL, and that the level of gene expression is influenced by the copy number of genomic DNA in ATL cells. Although ATL cells have previously been shown to manifest multiple genomic gains or losses (Ariyama et al., 1999; Tsukasaki et al., 2001) , our data have revealed that the ATL genome is more unstable than has been appreciated. Similar complex CNAs have been identified by SNP array-based methods for other types of cancer (Zhao et al., 2005) . We detected 3386.972254.0 (mean7s.d.) and 4678.572874.6 SNP sites showing X3n ploidy as well as 1039.972310.0 and 927.171137.9 SNP sites with p1n ploidy in samples corresponding to the chronic and acute stages of ATL, respectively. The numbers of probe sets showing gain or loss of DNA content did not differ significantly (P>0.05) between the chronic and acute stages of ATL. Given the large numbers of probe sets with an aberrant DNA content in the ATL genome, a large-scale study will likely be required to pinpoint the bona fide disease-dependent or stage-dependent CNAs.
Recently, with the use of BAC array-based CGH (with a mean resolution of 1.3 Mbp), Oshiro et al. (2006) have compared CNA of MNCs for 17 patients at the acute stage of ATL to that of lymph nodes for 42 cases with the lymphoma type of ATL. The recurrent gain of chromosomes was found at 3/3p among individuals with the acute stage of ATL, which is in good agreement with our results.
We found that an increased plasma concentration of HGF coexists with an increased expression of MET in ATL cells from some individuals at the acute stage of the disease. Together with the demonstrated mitogenic effect of HGF in ATL cells, these data suggest a novel scenario for stage progression in ATL. The mechanism responsible for the increased plasma level of HGF in ATL patients is unclear. Given that ATL is a malignancy of activated mature T cells, the leukemic cells secrete a variety of cytokines, including tumor necrosis factor-a and interleukin-1b (Wano et al., 1987; Yamada et al., 1996) . Both of these cytokines are potent inducers of HGF expression in fibroblasts (Matsumoto et al., 1992; Tamura et al., 1993) , suggesting that ATL cells may indirectly increase the plasma HGF level through secretion of these cytokines and consequent activation of fibroblasts.
Our data indicate that the plasma concentration of HGF in ATL patients increases before the onset of expression of MET in the leukemic cells (Figure 5a ). The increased concentration of HGF might therefore confer a growth advantage on ATL cells after they upregulate the expression of MET. Given that the JAK-STAT signaling pathway is activated in the leukemic cells of patients with advanced ATL (Migone et al., 1995) , it may be relevant that binding sites for STAT1 or STAT3 are present in the promoter regions of five (including MET) of the six acute stage-specific genes identified in the present study (Figure 4a ). We did not detect a significant difference in DNA content (in our data set) for the MET locus between chronic and acute stages of ATL. It is thus possible that JAK-STAT signaling contributes to transcriptional activation of MET.
Given that our data are derived from purified ATL cells, they can be further used to characterize ATL in various ways. For instance, we attempted to isolate genes whose expression was linked to the presence of hypercalcemia in the study patients (data not shown); such genes included that for parathyroid hormone-like hormone (GenBank accession no. BC005961), which has been shown to be responsible for many instances of humoral hypercalcemia in individuals with cancer including ATL (Broadus et al., 1988; Motokura et al., 1988) .
We have demonstrated the existence of an HGF-MET paracrine loop specific to the acute stage of ATL. Given that ligation of MET by HGF promoted the proliferation of ATL cells, activation of the HGF-MET signaling pathway is a candidate molecular mechanism for stage progression in ATL. Furthermore, our observation that this mitogenic effect was blocked by antibodies to HGF provides potential new targets for ATL therapy.
Materials and methods
Expression profiling
All clinical specimens were obtained with written informed consent, and the study was approved by the ethics committees of both Jichi Medical University and Nagasaki University. The diagnosis of ATL in all cases was based on clinical features, immunophenotypes of leukemic cells, and the monoclonal integration of HTLV-1 proviral DNA into the genome of leukemic cells (Shimoyama, 1991) . MNCs isolated from PB were labeled with magnetic bead-conjugated mouse monoclonal antibodies to CD4 (CD4 MicroBeads, Miltenyi Biotec, Auburn, CA, USA). For PHA stimulation, purified CD4 þ cells from healthy individuals were incubated for 48 h in Rosewell's Park Memorial Institute media (RPMI) 1640 medium (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (FBS) and PHA-P (8 mg/ml) (Sigma, St Louis, MO, USA).
Column fractionation of MNCs, RNA preparation, and hybridization with HGU133A & B microarrays (Affymetrix, Santa Clara, CA, USA) were performed as described previously (Choi et al., 2004) . The mean expression intensity of the internal positive control probe sets (http://www.affymetrix. com/support/technical/mask_files.affx) was set to 500 U in each hybridization, and the fluorescence intensity of each test gene was normalized accordingly. All HGU133A & B microarray data are available at the Gene Expression Omnibus web site (http://www.ncbi.nlm.nih.gov/geo) under the accession number GSE1466.
Student's t-test with the Benjamini and Hochberg false discovery rate option was performed with GeneSpring 7.0 software (Silicon Genetics). Effect size was defined as an absolute difference in mean expression intensity between a given pair of classes (Dhanasekaran et al., 2001) . Education of and prediction by our ANN were performed with NeuralWorks Professional II Plus v.5.3 software (NeuralWare, Carnegie, PA, USA) as described previously (O'Neill and Song, 2003) .
Analysis of CNA Genomic DNA was obtained from purified CD4 þ ATL cells (n ¼ 24) and from MNCs of patient ID6 with the use of a QIAmp DNA Mini Kit (Qiagen, Valencia, CA, USA). Each DNA sample (250 ng) was digested with HindIII, ligated to Adaptor-Hind (Affymetrix), amplified by PCR, and subjected to hybridization with Mapping 50K Hind 240 arrays (Affymetrix). Chromosome copy number at each SNP site was inferred from hybridization signal intensity on the arrays with the use of CNAG software (http://www.genome. umin.jp) (Nannya et al., 2005) . For a normal reference, we used array data of PB MNCs isolated from four healthy volunteers. Assessment of copy number for all SNP sites is demonstrated in Supplementary Table 6 . The raw data of Mapping 50K Hind 240 arrays is available upon request. Statistical analysis of copy number was performed with GeneSpring 7.0. Alterations in the amount of genomic DNA were confirmed by quantitative real-time PCR with an ABI PRISM 7700 sequence detection system (PE Applied Biosystems, Foster City, CA, USA). The oligonucleotide primers were 5 0 -AGCATGTCCACAAATGGCCTTTGG-3 0 and 5 0 -CAGTTTTCCTGTCATGGGAAAGGG-3 0 for a region of chromosome 6, and 5 0 -CTGACCTGCCGTCTA GAAAAACCT-3 0 and 5 0 -CAGGAAATGAGCTTGACAA AGTGG-3 0 for the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene.
MET expression ATL cells were stained with rabbit polyclonal antibodies to MET (Santa Cruz Biotechnology, Santa Cruz, CA, USA) or with mouse monoclonal antibodies to CD3 and to CD4 (both from BD Biosciences, San Diego, CA, USA) and were then subjected to flow cytometry with a FACScan instrument (BD Biosciences). The concentration of HGF in plasma was determined with a Quantikine ELISA kit for human HGF (R&D Systems, Minneapolis, MN, USA).
For quantitative RT-PCR analysis of MET expression, portions of nonamplified cDNA were subjected to PCR with a QuantiTect SYBR Green PCR kit (Qiagen). The oligonucleotide primers for PCR were 5 0 -GTCAGTGGTGGACCTG ACCT-3 0 and 5 0 -TGAGCTTGACAAAGTGGTCG-3 0 for GAPDH cDNA, and 5 0 -ACTTGTTGCAAGGGAGAAGAC TCC-3 0 and 5 0 -AGCGTTCACATGGACATAGTGCTC-3 0 for MET cDNA.
KK-1 cell experiments KK-1 cells were maintained in RPMI 1640 medium supplemented with 10% FBS and recombinant human interleukin-2 (10 ng/ml) (Sigma). For immunoblot analysis, cells were cultured for 48 h without FBS and interleukin-2 and then incubated for 10 min with recombinant human HGF (50 ng/ ml) (Sigma) either alone or together with rabbit polyclonal antibodies to HGF (10 mg/ml) (Montesano et al., 1991) . The cells were then lysed and subjected to immunoblot analysis with mouse monoclonal antibodies to phosphotyrosine (4G10, Upstate Biotechnology, Charlottesville, VA, USA) or with rabbit polyclonal antibodies to MET (#05-237, Upstate Biotechnology) as described previously (Yamashita et al., 2001) . For assay of cell proliferation, serum-deprived KK-1 cells were cultured for 24 h at a density of 5 Â 10 5 /ml with HGF (50 ng/ml) either alone or together with antibodies to HGF (10 mg/ml) and were then mixed with MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt]. Cell proliferation was measured with a CellTiter 96 Aqueous One Solution Cell Proliferation Assay (Promega, Madison, WI, USA).
Abbreviations ATL, Adult T-cell leukemia; PCR, polymerase chain reaction; PHA, phytohemagglutinin; ANN, artificial neural network; CNA, copy number alterations; HGF, hepatocyte growth factor.
